Abstract. The fuzzy multi-attribute decision-making (FMADM) problem that the attribute weights are interval numbers and the decision maker (DM) has avail preference information on alternatives is investigated. Firstly, a quadratic programming model based on the minimum sum of deviation squares between the subjective and objective decision-making preference information on alternatives is established, the attribute weights are obtained by solving the model and thus the overall values of every alternative are gained by using the additive weighting method. Secondly, The fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) of alternatives are introduced. Based on fuzzy sets theory, the relative membership degree of every alternative is obtained by means of the distance to which an alternative corresponds to the FPIS and FNIS, the alternatives are ranked by using the relative membership. The method not only avoids comparing for fuzzy numbers, but also has the advantages of simple operation and easy calculation. Finally, a practical example is illustrated to show the feasibility and availability of the developed method.
Introduction
Because of the complexity and uncertainty of objective thing, and the fuzziness of DM's understandings, moreover, the decision maker take part in the process of decision-making, that is the subjective preference information of DM is often used to rank alternatives, this makes the FMADM problems with fuzzy preference information on alternatives become a hot topic of research in Refs [1] [2] [3] [4] [5] [6] [7] [8] [9] . Up to now, these problems have been investigated and some methods of solving them have been presented by some scholar. The FMADM problems that the information about attribute weights is unknown or interval number, the attribute values and the fuzzy utility preference given by the DM on alternatives take the form of triangular fuzzy numbers are studied in Refs [1] [2] [3] [4] , the quadratics programming in Ref [1] and linear programming in Refs [1] [2] [3] [4] models are presented to determine the attributes weights, respectively. Then the alternatives are ranked by using similarity degree in Ref [1] for comparing two triangular fuzzy numbers, expected values in Ref [2] [3] of triangular fuzzy numbers and grey relational degree in Ref [4] between objective preference and subjective preference of every alternative. The FMADM problem that the criteria weights are interval numbers, the criteria values are in the form of triangular fuzzy numbers, and the DM has ordering preference on alternatives is investigated, a fuzzy multi-criteria decision making UTA method is proposed in Ref [5] . The FMADM problems that the information about attribute weights is known partly or unknown completely, the attribute values take the form of triangular fuzzy numbers and the DM has fuzzy complementary preference relation on alternatives are investigated in Refs [6] [7] , a model is constructed to determine the attributes weights and the alternatives are ranked by using similarity degree for comparing two triangular fuzzy numbers in Ref [6] or expected value of triangular fuzzy numbers in Ref [7] . The FMADM problems that the attribute weights are interval numbers and the DM's preference relation on alternatives is in the fuzzy reciprocal judgment matrix are studied in Refs [8] [9] , the attribute weights are determined by establishing an object programming in Ref [8] and a minimizing the maximum difference model in Ref [9] , respectively. And an approach based on expected values of triangular fuzzy numbers is presented to rank alternatives. In this paper, we propose a method for the FMADM problem that the attribute weights are interval numbers and DM has avail preference information on alternatives is investigated. a quadratic programming model based on the minimum sum of deviation squares between the subjective and objective decision-making preference information on alternatives is firstly established to determine the attribute weights, then the overall values of alternatives are gained. Then the FPIS and FNIS of alternatives aer introduced. Based on fuzzy sets theory, the relative membership degree to which an alternative corresponds to the best alternative is obtained by means of the synthetically weighted distance between the overall values of every alternative and the ideal solution, the alternatives are ranked by using the relative membership. A practical example is lastly illustrated to show the feasibility and availability of the developed method.
Preliminary Knowledge
For the sake of convenience, we first introduce some operational laws of triangular fuzzy numbers, which will be useful in the later part of this paper.
Their operational laws are listed as follow in Ref [10] :
(1) is called the distane between a and b in Ref [10] .
The basic model of the FMADM problem which will be studied in this paper can be represented as follows: Then using the simple additive weighting method, the fuzzy overall value of alternatives can be expressed as :
Principle and Model of Decision-Making
In order to rank the alternatives, we must determine the attribute weights at first. Because there always exist some differences between the DM's the subjective preference values j v and the corresponding fuzzy overall values ( ) j z ω of alternatives in the real life, we can minimize the sum of deviation squares between the subjective preference value and the corresponding objective preference values. Therefore, the following quadratic programming model can be established:
The vector of attribute weightsω can be obtained by solving the model M1. Substituting ω into equation (4), we can get the fuzzy overall value ( ) Because the FPIS and FNIS are inexistent in the real life. Based on fuzzy sets theory, we can calculate the synthetically weighted distance between the overall values of every alternative and the ideal solution by using formula (1), then the relative membership degree j µ to which an alternative corresponds to the best alternative is obtained by using the following formula (5). Let
It is easy to know that the greater the value of j µ , the better the alternative j x .Therefore, we can rank all the alternatives and find the best alternative according to the values of ( ) j j N µ ∈ . Based on the above discussion, we will give the solving processes of the proposed method by a practical example in the following section.
Practical Example
An investment company is planning to exploit a new product and there are four investment alternatives ( 1, j x j = 2,3, 4) to be evaluated. In the decision making process, there are five main attributes to be considered, that is, 
Step 2 By solving the model M1, the weight vector of the attributes is obtained as follows:
(0.35, 0.24, 0.10, 0.14, 0.17)
Step 3 By (4) and the normalized decision matrix R , the overall value ( ) Step4 by (5) x x x x ≺ ≺ ≺ , This is, the best alternative is 2 x .
Conclusion
In this paper, a new method based on quadratic programming and relative membership degree is proposed with regard to the FMADM problems, in which the attribute weights are interval numbers and DM has avail preference information on alternatives. The developed method not only avoids comparing and ranking triangular fuzzy numbers, but also reflects both the objective information and the DM's subjective preferences on alternative. Moreover, the theoretic analysis and numerical results show that the developed method is feasible and efficient.
